Four genes ± deltaA, deltaB, deltaC and deltaD ± coding for homologues of the Notch ligand Delta have been discovered in zebra®sh (Haddon et al., 1998b) . We report here the cDNA sequence and expression pattern of deltaC. Its closest relatives are deltaB and Xenopus XDelta-2. Unlike deltaA, deltaB, and deltaD, deltaC is not expressed in the majority of nascent primary neurons; but it is strongly expressed in the early retina, where it precedes other delta genes. It is also expressed in cranial ganglia, in sensory epithelia including ear and lateral line, and in scattered epidermal cells. In the mesoderm, expression is visible by 50% epiboly; it is seen subsequently in the tail bud, in stripes in the presomitic mesoderm and in the posterior half of each somite. There is expression also in notochord, blood vessels and pronephros. q 2000 Elsevier Science Ireland Ltd. All rights reserved.
Cloning and sequence
Proteins of the Delta family, acting as ligands for Notch, are key regulators of cell differentiation (Lewis, 1998; Artavanis-Tsakonas et al., 1999) . The zebra®sh has at least four Delta homologues, three of which ± deltaA, deltaB and deltaD ± have been studied in some detail, in the context of neurogenesis (Dornseifer et al., 1997; Appel and Eisen, 1998; Haddon et al., 1998b) , somitogenesis (Dornseifer et al., 1997; , ear development (Haddon et al., 1998a) and notochord formation (Appel et al., 1999) . Here we report on deltaC.
deltaC (GenBank accession number AF146429) codes for a protein of 664 amino acids showing the typical Delta family features (Fleming, 1998; Lissemore and Starmer, 1999 ) ± a DSL domain, 8 EGF repeats, a transmembrane domain, and a conserved C-terminal hydrophobic motif. The closest homologs are zebra®sh deltaB and Xenopus XDelta-2. These show 76% and 72% amino-acid identity, respectively, over the EGF repeats. Homology in the Cterminal region (which is truncated in deltaB) identi®es deltaC and X-Delta-2 as probable orthologs; overall they are 59% identical.
Mesoderm and somites
deltaC expression is ®rst observed at shield stage (50% epiboly), in the paraxial germ-ring. A band of expression is seen at the germ ring throughout the rest of epiboly, with additional stripes appearing more anteriorly in the hypoblast on either side of the midline, foreshadowing somitogenesis (Fig. 1A) .
During somitogenesis, deltaC is expressed in the tailbud, in two or three stripes in the presomitic mesoderm, and in the posterior halves of formed somites (Fig. 1B,C) (Haddon et al., 1998b; . deltaC is also expressed weakly in the notochord (Fig. 8A ). Detailed analysis of the dynamic expression of deltaC in somitogenesis will be given elsewhere (L.S., Y.-J.J., C.H. and J.L., in preparation).
Nervous system and sense organs
In the CNS, expression of deltaC begins later than that of the other delta genes (Appel and Eisen, 1998; Haddon et al., 1998b) , and is con®ned to a smaller subset of cells (Fig. 2) . deltaC-expressing cells are also seen in forming cranial ganglia (Fig. 2B±D) , and in the ear and lateral line (Fig. 4) . . 1C ). Scattered cells expressing deltaC ± presumably nascent neurons ± become visible in gradually increasing numbers during subsequent neurogenesis (see also Figs. 4A and 5D) . Expression of deltaC is also seen lateral to the neural tube where cranial ganglia (marked VII/VIII and IX) are developing. (E) For comparison, expression of deltaA at the 5-somite stage: deltaA, deltaB and deltaD are expressed earlier than deltaC during neurogenesis, and in many more cells. Scale bar 100 mm. (Nawrocki, 1985) . Scale bar 50 mm.
Like X-Delta-2 (Jen et al., 1997) , deltaC is strongly expressed in the neural retina, and from very early stages: it here precedes the other delta genes, and is already apparent at the 13±14 somite stage (16 h), well before any of the cells have withdrawn from the division cycle (Nawrocki, 1985) . The deltaC-expressing cells are probably the retinoblasts identi®ed by Wetts et al. (1989) . The persistence of deltaC expression in the proliferating marginal zone of the (A) ). These cells come together to form the dorsal aorta (da), seen in dorsal and lateral views in (C) and (D), respectively. Scale bar 100 mm. Fig. 6. (A,B) deltaC expression in intersomitic vessels (isv) and in the dorsal aorta (da). (C) Cells in these locations also express VEGR-2, a marker for zebra®sh endothelial cells (Sumoy et al., 1997) . Scale bar 50 mm. Fig. 7 . deltaC expression at the 2-somite stage in scattered cells in a broad band of lateral and ventral surface ectoderm; these lie in the most super®cial layer. Scale bar 100 mm. Fig. 8 . deltaC expression in the developing pronephros, lateral to somites two to four. (A) at the 4-somite stage; (B) at the 7-somite stage, counterstained (red) by in situ hybridisation for pax2.1 (a gift from M. Brand), a marker of pronephros 1 pronephric duct (Kimmel et al., 1995; Pfeffer et al., 1998) . Note also deltaC expression in the notochord in (A); this persists from about the 4-somite stage to at least the 18-somite stage. Scale bar 100 mm.
retina up to at least 4±6 d.p.f. (Fig. 3E) is consistent with this (Perron et al., 1998) .
Vascular system, epidermis, endoderm and pronephros
At the 5-somite stage, a few deltaC-expressing cells are seen in the midline, level with the ®rst somite, ventral to the notochord (Fig. 5A) . These cells gradually increase in numbers and by the 18-somite stage can be identi®ed as endothelial cells of the dorsal aorta (Fig. 5B,D) (Al-Adhami and Kunz, 1977; Fouquet et al., 1997) . deltaC is also expressed in the intersomitic vessels (intercostal arteries) that subsequently form from the dorsal aorta (Sumoy et al., 1997) (Fig. 6A,C) , and in the aortic (branchial) arch arteries. Endothelial deltaC expression seems to be con®ned to arteries (cf. Wang et al., 1998) .
From the 2-somite stage until at least the 18-somite stage, deltaC is expressed in scattered cells in ventral and lateral ectoderm (Fig. 7) . In Xenopus, cells with a similar distribution expressing X-Delta1 appear to be precursors of ciliated, and subsequently mucous-secreting, epidermal cells (Jen et al., 1999, p. 1492, and C. Kintner, pers. commun.; Nishikawa et al., 1992) . In zebra®sh, they could likewise be precursors of mucous cells or perhaps of solitary chemosensory cells (Kotrschal et al., 1997) .
We have not observed deltaC expression in embryonic endodermal tissues, although some expression is seen subsequently in the larval gut (M. Skipper, pers. commun.).
Lastly, deltaC is expressed in the future pronephros (Fig.  8) .
Materials and methods
Fish rearing and staging were as in Haddon et al. (1998b) and Kimmel et al. (1995) .
Cloning
A zebra®sh deltaC partial cDNA was isolated from a 20± 28-h cDNA library (Haddon et al., 1998b ) and used to obtain complete sequence data with the help of a second library (15±19-h cDNA; Appel and Eisen, 1998) and 5 H RACE using total RNA from late gastrula and 24-h zebra®sh. Double-stranded sequencing was performed in both directions. Sequence comparisons were made using Wisconsin GCG software.
In situ hybridisation and histology
Procedures were as in Haddon et al. (1998a,b) , with additional riboprobes as follows: VEGR-2 (Sumoy et al., 1997) , linearised with SalI and transcribed with SP6; pax2.1 (paxb) (Krauss et al., 1991) , linearised with BamHI and transcribed with T7.
